The authors investigated the possibility that, in interview-based case-control studies, controls are more likely than cases to underreport a history of induced abortion. A case-control study was conducted in White women under 45 years of age who had given birth in Washington State during [1984][1985][1986][1987][1988][1989][1990][1991][1992][1993][1994]. The cases were women in three metropolitan counties of Washington State diagnosed with invasive breast cancer during 1984-1994; controls were selected through random digit dialing. A history of induced abortion among study participants was compared between interview data and information collected on the birth record of the last child to whom they gave birth (225 cases, 303 controls). Among women with a prior induced abortion recorded on the birth record, 14.0% of the 43 cases and 14.9% of the 47 controls did not report an induced abortion at interview (difference = -0.9%, 95% confidence interval of the difference: -15, 14). The authors' data do not suggest that controls are more reluctant to report a history of induced abortion than are women with breast cancer. Am J Epidemiol
Bias in the ascertainment of induced abortions has been suggested as an explanation for the association between breast cancer and a prior induced abortion observed in several case-control studies (1) (2) (3) (4) . Specifically, it has been hypothesized that there is a greater degree of underreporting of abortions by healthy controls than by women with breast cancer. However, to date the evidence to support the existence of this source of bias and to quantify its magnitude is limited (1, 3, 4) . We conducted a case-control study among women in whom most or all of their reproductive years occurred after the legalization of induced abortion in the United States. By use of information recorded on birth records prior to disease occurrence, we sought to provide additional data to evaluate the completeness of reporting a history of induced abortion in interview-based case-control studies.
MATERIALS AND METHODS

Subject selection
Cases were White women under 45 years of age diagnosed with invasive breast cancer between 1984 and 1994, who were identified from the Cancer Surveillance System of western Washington. This study was limited to those cases who resided in one of three counties (King, Pierce, and Snohomish counties) at the time of breast cancer diagnosis. Controls were identified from the general female population of the three-county area through random digit dialing (5, 6) . A stratified random sampling design was used to provide controls who were frequency matched to the cases on 5-year age group and county of residence. Women were excluded if, according to state of Washington birth records, they had not delivered a child in Washington State during 1984-1994 or if that delivery had not occurred prior to the "reference date" (month pf diagnosis for cases and a comparable date s) The majority of subjects had been participants in five previously completed population-based case-control studies (7) (8) (9) . In addition, a small case-control study was newly conducted to complete ascertainment of subjects for the years 1993-1994. An in-person structured interview was conducted in each of the contributing studies. Information on personal characteristics was obtained only for exposures occurring prior to the reference date. The interviews collected detailed information regarding reproductive history, menstrual history, birth control practices, infertility history, medical history, family cancer history, lifestyle factors, and demographic information. Through linkage between the cancer registry and Washington State birth records, a total of 297 breast cancer patients were identified as eligible for analysis. Seventy-seven percent (n = 230) of the cases were successfully interviewed and gave permission to access their children's birth records. Among 345 eligible controls who completed the interview, 312 (90 percent) allowed access to their children's birth records. A history of induced abortion was abstracted from the birth record of the woman's last child born prior to the reference date (referred to as the "index birth").
Data analysis
To evaluate whether there was a difference between breast cancer cases and controls in the completeness of their reporting of induced abortion during the interview, the information provided in the interview was compared with that from the birth certificate. The comparison was limited to 528 women whose last livebirth was identified as the index birth. Fourteen women (five cases and nine controls) were excluded because the record of their last livebirth was not located in Washington State birth records.
Pregnancy history prior to the last birth was compared between interview data and the index birth record. Though a history of induced abortion is not ascertained completely through birth records, it is likely that the birth record was correct if it stated that an abortion had taken place. Therefore, we chose a positive statement of abortion on the birth record as the "gold" standard, and in most analyses, the level of underascertainment at interview was calculated as the percentage of women who did not report a history of induced abortion among those who had an induced termination recorded on the index birth certificate. The 95 percent confidence interval for each proportion and the difference between the two proportions were estimated using STATA (Statistics/Data Analysis) statistical software (Stata Corporation, College Station, Texas).
We further examined whether the consistency of reporting was influenced by religion and county of residence. Religion was defined as the religious faith in which subjects were raised during childhood (except for subjects contributed from the one of the earlier studies that collected religious preference in adult life). In addition, the consistency of history of spontaneous abortion from the two sources of data was examined.
RESULTS
At the interview, a history of induced abortion prior to the index birth was reported by 32. • Excludes one case and three controls with unknown history of induced abortion on the index birth record.
t Underascertainment at interview calculated as the percentage of women who did not report a history of Induced abortion at interview among those who had an induced abortion recorded on the index birth record: cases, 14.0% (95% confidence interval (Cl): 5.3, 27.9); controls, 14.9% (95% Cl: 62, 28.3).
cer cases (14.0 percent) as compared with seven of the 47 controls (14.9 percent) did not admit an induced pregnancy termination at interview (difference = -0.9 percent, 95 percent confidence interval (CI): -15, 14). Viewed another way, among the 151 women with breast cancer who denied having had an abortion at the time of interview, six (4.0 percent) said otherwise at the time their last child had been born. That value was only slightly higher than the corresponding one for controls (7/221 controls or 3.2 percent) (difference = 0.8 percent, 95 percent CI: -1.2, 3).
Among cases and controls (combined) who had a history of induced abortion based on the birth record, 24.0 percent of women who were (or were raised) Catholic, Mormon, or Seventh-day Adventist, but only 10.7 percent of those who were (or were raised as) members of other faiths, failed to acknowledge history of abortion at interview. However, the confidence intervals for these estimates expressed as percentages were quite wide (9.4, 45.1 and 4.0, 21.9, respectively). The completeness of reporting between cases and controls was examined separately among women within categories of religious preference, but interpretation of these results is greatly limited by small numbers. Women who resided in King County were slightly less likely than other women to incorrectly deny at interview having had an induced abortion (11.9 percent, 95 percent CI: 4.9, 22.9 in King County vs. 19.4 percent, 95 percent CI: 7.5, 37.5 in the two other counties).
A history of spontaneous abortion was reported by 25.9 percent of cases (58/224) and 26.2 percent of controls (79/301) at interview (table 2). Based on the index birth record, 25.4 percent of cases (57/224) and 21.3 percent of controls (64/301) ever had a spontaneous abortion. Among women with a spontaneous abortion based on the index birth record, 15.8 percent of cases (9/57) and 10.9 percent of controls (7/64) did not report having a spontaneous abortion at interview. The level of underreporting a spontaneous abortion at interview did not differ appreciably by religion or county of residence.
DISCUSSION
Several researchers have suggested that women with breast cancer would be more likely to admit a history of induced abortion than controls (1-4). If present, this source of bias would explain some or all of the observed increased risk of breast cancer associated with induced abortion in several case-control studies in which abortion history was obtained by means of an interview. Lindefors-Harris et al. (1) observed that 20.8 percent of cases (5/24) and 27.1 percent of controls (16/59) for whom an abortion occurring in 1966-1974 was noted in a national abortion registry did not, when interviewed at a later date, mention having had an abortion. The ratio of the two odds ratios they obtained (the first using the interview data alone, the second using the registry data alone) was 1.5, that is, a 50 percent upward bias from the use of interviews. However, it was suggested (7) that the registry itself had not ascertained all abortions and that women would be unlikely to report abortions that never occurred. It is possible that the truth concerning a history of a prior abortion in that study might be more closely approximated by a positive indication in the registry or during the interview. Using that criterion, the upward bias was estimated to be only 16 percent (7) .
Our data, based on women with a history of induced abortion recorded on birth records, suggest there is no appreciable difference in reporting of a history of induced abortion at the time of interview by breast cancer cases and controls. The results of some other studies also do not support the hypothesis of selective underreporting of induced abortion among control women. The validity of self-reported history of induced abortion was examined in a study of ectopic pregnancy in western Washington State. Five of the 40 ectopic pregnancy cases (12.5 percent) and four of the 61 controls (6.6 percent) for whom a history of induced abortion was recorded in their medical record did not admit such history at interview (10) . A similar conclusion was reached by one study that evaluated the validity of information on induced abortion provided by mothers whose infant was bom with severe health problems and mothers of healthy infants. Werler et al. (11) compared the history of induced abortion reported at postpartum interview by mothers of malformed and healthy infants with that documented in obstetric records. Twenty-seven percent of mothers of malformed infants (6/22) and 31.0 percent of women of healthy infants (9/29) who have had an induced abortion noted on obstetric records did not admit one at interview. In addition, data from a recent study of cervical cancer in Washington State indirectly provide evidence against the hypothesis of selective underreporting by controls. With an interview-based case-control design similar to that of a parallel study of breast cancer that did observe an association (7), the incidence of invasive cervical cancer was not found to be higher among women with a prior induced abortion (odds ratio (OR) = 1.0, 95 percent CI: 0.7, 1.6, adjusted for age, age at first intercourse, number of sexual partners, income, and smoking history) (12) . If women with cancer (irrespective of type) report their abortion history more accurately than do controls, we would have expected to observe an increase in risk associated with induced abortion for each type of cancer studied.
A greater degree of underreporting by controls might be most likely to occur among subgroups of women in the presence of legal constraints or certain religious beliefs. A case-control study by Newcomb et al. (4) found an apparent 35 percent increase in risk of breast cancer among older women reporting an induced abortion before legalization of abortion in 1973 (95 percent CI: 1.00, 1.51), but only a 12 percent increase for those performed after this time (95 percent CI: 0.84, 1.49). It was suggested that the difference between these two values would be due to selective underreporting, by controls, of abortions that took place prior to 1973.
In addition, a Dutch study by Rookus and van Leeuwen (3) estimated a 90 percent increased risk among parous women associated with prior induced abortion, but almost the entirety of the association was present in regions with a predominantly Roman Catholic population (adjusted OR = 14.6, 95 percent CI: 1.8, 120 in Roman Catholic regions vs. OR = 1.3, 95 percent CI: 0.7, 2.6 in other regions). They concluded that bias in reporting this sensitive procedure by a subset of control subjects largely explained the observed positive association. However, the interpretation of the results was limited, widi only 13 subjects reporting having undergone an induced abortion in Catholic regions (13) .
Our data suggest that women who were (or were raised) Catholic, Mormon, or Seventh-day Adventist were less likely to admit an induced abortion at interview than were other women. This study was too small to estimate reliably whether this differed by case-control status.
The underreporting of spontaneous abortion is likely at interview, particularly if women forget about those that occurred early in pregnancy or decades ago (14) . We observed that controls were somewhat less likely than were cases to underreport a spontaneous abortion at interview, but we could not rule out chance as the basis for this difference.
Several possible limitations of this study must be considered. The analysis was based on a small number of subjects, resulting in imprecise estimates. In addition, women included in this study were restricted to those with a recent birth at a relatively late age. Thus, these findings cannot be generalized to women with births at younger ages or nulliparous women. We did not include women whose children's birth records were not identified because of name changes or who gave birth to a child outside Washington State. In addition, not all eligible subjects were interviewed and/or gave permission for review of their child's birth record. If those not interviewed or who refused access to the child's birth records differ from those who participated regarding the accuracy of a history of induced abortion, some bias could have resulted.
Because of the above limitations, the results of this study should be interpreted with caution. Nonetheless, the findings do not support the hypothesis that a history of induced abortion is reported more completely by women with breast cancer than by women sampled at random from the underlying population.
